Abstract-As the number of home-based Internet of Things (IoT) applications such as home automation and monitoring of occupants behavior, indoor location information becomes a necessity. Previous research has been able to estimate indoor position using the fingerprinting method. In this paper, proposed a method that is able to estimate the indoor position of the occupants of the house by combining fingerprinting techniques with the home occupants activity pattern using K-Nearest Neighbour algorithm with Euclidean Distance. From the experimental results, this paper get results that the method that the proposed able to estimate with accuracy of up to 87.8% for accuracy below 2 meters with an average error of 0.82 meters.
I. INTRODUCTION
Location is one of the important information in getting a variety of context-aware services. With many home based applications of Internet of Things (IoT) such as home automation and behavioral monitoring of occupants, indoor location information becomes a necessity [4] . The current popular location determination method is the Global Positioning System (GPS), but GPS is not able to work well in an indoor environment [23] . GPS signals are blocked by building construction and do not work well to get locations in space [22] .
Indoor position estimation methods can be done in various ways, such as using WiFi, Bluetooth, Ultra-Wide Band (UWB), and RFID. WiFi is one pretty good approach. Can be quite good because WiFi technology has been implemented in many buildings even in smartphones have embedded WiFi technology. In addition WiFi has a wider signal coverage compared to Bluetooth and RFID [4] .
WLANs can be used to determine a person's position in room by utilizing the value of Received Signal Strength Indication (RSSI) of multiple access points and with certain algorithms such as Support Vector Machines, Neural Networks, Weighted K Nearest Neighbors, or Bayesian approach. Conducted a learning of the system at a predetermined location point to obtain learning data to be used in the next process [11] .
Machine learning deals with how to build computer programs that automatically get better with experience [9] . One approach in machine learning is classification. Classification is a job of valuing data objects to include them in a particular class of available classes. In the classification there are two main work done, namely (1) the development of the model as a prototype to be stored as memory and (2) the use of the model to perform the introduction / classification / prediction on another data object to be known in the class where the data object is in the model which he has saved [12] .
Based on the way of training, the classification algorithms can be divided into two types: eager learner and lazy learner. The algorithms included in the lazy learner category do little training (or none at all), only saving part or all of the training data, then using them in the prediction process. This resulted in a long prediction process because the model had to re-read all the training data in order to give the correct class label output on the test data provided. The advantages of such algorithms are the fast-paced training process. The classification algorithms that fall into this category, among them, are K-Nearest Neighbor (K-NN), Fuzzy K-Nearest Neighbors (FK-NN), Linear Regression, and so on [12] .
A common method used by calculating short-range or matching of data to be performed with existing learning data [4] [22] [23] . But from the closest distance is still often found the data made the results will be a wrong draw. In determining the position of the occupants of the house, one of the indicators associated with the position is the activity of the occupants of the house. Activities of occupants can easily be known because home activities belong to a certain pattern. For example, every morning everyone likes to get up and brush their teeth or breakfast [24] . The way home occupants can be used as one of the parameters in determining the position of the occupants of a house at a certain time. This pattern of activity will be used as a comparison so that the results of the WiFi form produce more accurate data.
II. RELATED WORKS
Previous research [4] has proposed an AP-Centered Indoor Positioning System compared to Mobile HH based. Fingerprinting technique used to combine MH-Based with AP-Centered, that is during the training process using MH but when the online phase only use sniffy program in AP. This becomes more efficient because no application is installed in MH during the online phase. This study also produced a maximum error distance of 4.5 meters. But because it is centered in the AP then have to configure the AP in order to install the sniffy program created. And the estimation data is not given to the detected person.
Next research [11] analyzed the measured RSS value on two university room divided into 21 point. Measurement using laptop with Netsurveyor software. In this study compared the measurement values of 4 APs with people inside, 4 APs without people inside, 2 APs with people inside, and 2 APs with no people inside. The results of this study indicate that RSS values will change as environmental conditions change. The challenge of the system is the construction of buildings, furniture, and the human body.
Other research [22] took a case study on a room at the university. Using fingerprinting techniques, researchers perform techniques by sending the RSS value of the user's android and processed on the server. Researchers used 6 APs that had been installed at a height of 1.2 meters from the floor. The K-Nearest Neighbors Algorithm with Euclidean Distance was used in this study. The area is divided into 20 points . The results of this study show that implementation is easy and more cost-effective. From experimental data it is known that displacement in the room area affects RSS values and decreases accuracy. Accuracy is obtained 42.5% -64.5% within 2 meters if there are people in the room. While the estimation results are returned to the user and displayed.
Next research [23] measured RSS with smartphone for 3 data sets. The first data set as training data while the second data set is the test data with the situation is placed and the third data set is test data with handheld state. The area is one floor of the university building which is divided into 6 dots. This research uses Density-Based Clustering Combined Localization Algorithm technique in making fingerprint. High enough accuracy of 97.28% to 99.85% for the second data set and 97.28% to 99.85% for the third data set. This shows the position of the smartphone when measurement greatly affects the accuracy of the results.
From some of these research results, it is known that positioning estimation technology is currently highly developed. The most effective method used in previous research is to use the fingerprinting technique, which takes some data for training data and then collects the data and is matched with the training data to get the calculation result. Research [23] is capable of obtaining high accuracy but with considerable spacing between dots because one floor of the university building is only divided into six dots. While research [22] produces applications that can determine the position of its users with a system that works on the server and use android as a sender of RSS value. The result, the accuracy has reached 42.75% to 64.5%. This is influenced by the number of people in the room. While in the study [4] , a proposed non-application method for users using OpenWRT access point was developed by developing a sniffy program to monitor Probe Request from nearby devices. The result, able to predict the position with a maximum error distance of 4.5 meters, but the calculation results are not given to the user directly.
III. IDENTIFICATION AND POSITION ESTIMATION

A. Fingerprinting Technique
The fingerprinting technique in position estimation is by recording the RSS value of multiple access points at a point. There are two main phases in fingerprinting technique, namely offline phase (training) and online positioning phase. The position of the reference point is determined by a distance of one or two meters. In the offline phase the RSS value is measured and stored into the database along with reference point information. Then in the positioning online phase, the RSS value is measured and compared to the RSS values available in the database to find the most suitable data.
B. K-Nearest Neighbour
The K-NN algorithm is an algorithm that classifies the proximity of the location (distance) of a data with other data. The value of K on K-NN means the number of nearest neighbors used as test data. One suitable distance calculation method used in the K-NN algorithm is the euclidean distance. Euclidean distance is a straight distance between two points contained in the Euclidean space. For distance between points p and q having n dimensions, the distance is calculated by the formula: n
C. Home Occupants Activity Pattern
Activities of occupants can easily be known because home activities belong to a certain pattern. The fact is someone tends to do the same activity in the same environment. This show relation between environment and activities that a person undertakes in that environment. In estimating position of the occupants in the house, the activities of the occupants can be used as one indicator. From a known pattern of activity, the pattern will be used as a comparison for the results of a WiFi-based method to produce more accurate data.
IV. EXPERIMENTAL STUDY
A. Determine Reference Point
In this paper, Inkscape software is used for designing home layout. The house that used has an area of 104.53 m2 with a length of 20.12 m and width of 6.42 m. Each reference point is located 1 m away. Access points are placed in 3 corners of the house which will be reachable by any reference point. 
B. Training Phase
Training data conducted in 5 days using the application with two times the data collection per day. Data is captured by capturing data every 5 seconds. Then the data is taken the average value. After that the data is sent to the web server to be stored into the database. From this training process obtained 720 data from 72 reference points that have been predetermined. Data is in the form of RSS value of 3 access points and reference point number. 
C. Home Occupants Activity Pattern Observation
Observation is done by recording all the activities of occupants while in the house. The data recorded is when and where (based on the reference point) the activity is performed. Observation of occupant habits conducted in 7 days. From the results of this observation, occupants activities grouped into 4 time groups, morning (04:01-09:00), noon (09:01-15:00), evening (15:01-19:00), and night (19:01-04:00) to get the pattern in each time group. Once grouped, then calculated probability value in the existing time group and then store them in the database for use in the estimation process. 
D. Estimation Phase
In this paper, estimation process is centralized in server. Input data will be compared with training data an then compared with subject's activity pattern. Estimation phase conducted in 5 days. There are 18874 data that successfully estimated. 
E. Testing Estimation Result
Estimation result tested with manual observation to 500 data samples that randomly chosen. Data samples compared with actual subject position. V. DISCUSSION From the results already described earlier, it is known that this method is able to prove that the pattern of home occupancy activities can be one important indicator in the estimation of positions in the house which can not be reached by Global Positioning System (GPS) technology. The result of estimation accuracy of the method that the proposed is also quite good because it is able to estimate with an average error distance only 0.82 meters.
Many things affect the estimation result using this method, as this method uses fingerprinting technique which use wireless signal from access point, where wireless signal is known to be very fluctuating to the condition of the surrounding environment so that if there is a significant change of environmental condition then the estimation result will not be good. In addition, the pattern of activities of the occupants of the house sometimes not always the same, there are times when occupants suddenly perform activities that have not been done before.
VI. CONCLUSION Based on the discussion that has been described previously, can be concluded that the method that the proposed has been able to estimate the position of the occupants of the house with an average error below 1 meter. This method was built starting with training data collection, activity pattern observation, and final estimation. Combining fingerprinting techniques with home occupant activity patterns can improve the estimation accuracy. The fingerprinting technique using K-Nearest Neighbour algorithm with Euclidean Distance as a classification algorithm.
